INTRODUCTION
The prognosis of colorectal cancer is poor, and its mortality rate ranks third among all malignancies in the world [1] [2] [3] . Surgery is the main method of colorectal cancer treatment. Accurate assessment of surgical prognosis plays an important role in the treatment of colorectal cancer patients. Currently, studies on the factors affecting the prognosis of colorectal cancer are very popular. Studies have shown that high Glasgow prognostic score (GPS) in colorectal cancer is more likely to predict a poor prognosis [4] [5] [6] . The results of Arfa et al [7] showed that tumor-node-metastasis (TNM) stage is associated with the prognosis of colorectal cancer. Studies by Kanemitsu et al [8] have demonstrated that histological type and degree of differentiation of tumors can affect their biological behavior and further affect clinical outcomes. In addition, studies have found that in vivo inflammatory response can have an impact on the occurrence and development of tumors [9] . Serum C-reactive protein [10, 11] , albumin [12, 13] , C-reactive protein/albumin ratio (CAR) [14] [15] [16] , and neutrophil-lymphocyte ratio (NLR) [17, 18] reveal the possibility of inflammation-related complications, and have certain predictive value for prognosis [19] . However, there is no systematic analysis about the factors affecting the prognosis of colorectal cancer. Therefore, this study defined colorectal cancer patients as the research subjects. We statistically analyzed the influence of clinical data and serology and histology on the prognosis of patients with colorectal cancer, and assessed the accuracy of the combination of all indicators for the prognosis evaluation, aiming to find a more accurate assessment. This study is expected to provide a new method for predicting the prognosis of colorectal cancer in the early stage of clinical diagnosis and improve the prognosis of patients.
MATERIALS AND METHODS

Research subjects
A total of 374 patients with colorectal cancer who were admitted to Cangzhou Central Hospital from March 2012 to March 2015 were recruited. The inclusion criteria were: (1) Pathological diagnosis of colorectal cancer; (2) Patients who underwent radical surgery; (3) Complete clinical data, disease history, and family history data; and (4) Complete physical examination, routine blood tests, detection of tumor markers, and relevant laboratory examinations such as coagulation function within one week before surgery. The exclusion criteria were: (1) Other carcinomas combined; (2) Pre-operative infection or insufficient infection evidence but body temperature > 38 °C; (3) Patients combined with cardiovascular disease, cerebrovascular disease, and diseases of the liver, kidney, and other important organs; and (4) Undergoing radiotherapy, chemotherapy, biotherapy, or gene therapy before surgery. The study was approved by the Ethics Committee of Cangzhou Central Hospital. All patients included in the study had a detailed understanding of the research content and provided informed consent.
Research methods
Clinical data collection: After admission, complete clinical data, including age, gender, height, weight, family history (colorectal cancer in three generations of close relatives) and smoking history were collected. Body mass index (BMI) was calculated. All patients were staged by the TNM staging method and the improved Dukes staging method according to pathological findings [20] .
Serological examination: All patients received carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), C-reactive protein, albumin, D-dimer, and fibrinogen detection as well as routine blood tests one week before surgery. CEA and CA199 were tested by chemiluminescence with a Roche kit. Routine blood tests were performed with a CC-3200 automatic blood tester and supporting kit. The numbers of neutrophil granulocytes, white blood cells, lymphocytes, and platelets were recorded, and NLR was calculated. C-reactive protein, albumin, D-dimer, and fibrinogen were detected using an Abbott C16000 automatic biochemical analyzer (Abbott Laboratories, Inc.). CAR was calculated. According to the results of C-reactive protein and albumin detection, GPS was calculated according to the following rules: (1) Increased C-reactive protein; and (2) Hypoproteinemia. Two points were recorded if both (1) and (2) were satisfied, 1 point if (1) or (2) was satisfied, and 0 points if normal C-reactive protein and no hypoproteinemia were found.
Surgery and histological examination:
Under general anesthesia, colorectal cancer radical surgery was performed. Tumor location, size, depth of invasion, lymph node metastasis, and distant metastasis were recorded. The excised specimens were flattened and fixed, and pathological examination was performed. The pathological tissues were serially sectioned, fixed with 10% formalin, and embedded in paraffin, followed by hematoxylin-eosin and immunohistochemical staining. All the sections were observed by two experienced pathologists. The pathological tissue classification and expression of proliferating cell nuclear antigen (PCNA) and p53 were observed. After surgery, patients' vital signs and wound oozing were closely observed. Antiinflammatory drugs and intravenous nutrition were given regularly.
Follow-up
A total of 374 patients who participated in the study were followed for 3 years. The first follow-up was performed 1 mo after the end of treatment, followed by every 3 mo within 2 years. After 2 years, follow-up was performed every 6 mo. The endpoint events were defined as adverse prognostic events during follow-up, including recurrence of colorectal cancer, increased stage, other organ metastases, and death from colorectal cancer and its complications. Patients' refusal to visit, halfway out, and death from other reasons unrelated to the study were defined as loss to follow-up. According to the follow-up results, patients with endpoint events were defined as a poor prognosis group, and the remaining patients were defined as a good prognosis group. Differences in clinical data, serology, and histology were analyzed.
Statistical analysis
Analyses were performed using Statistical Product and Service Solutions software. The measurement data are expressed as the mean ± standard deviation, and comparisons were performed using an independent sample t-test. The count data are expressed in case (percentage), and the chi-square test was used for comparison. Survival analysis was performed by the Kaplan-Meier method. The poor prognosis rate was calculated and the survival curve was drawn. Multivariate COX regression was used to analyze independent influencing factors for the prognosis of colorectal cancer. The receiver-operating characteristic (ROC) curve was used to evaluate the predictive value of each independent influencing factor and their combination for the prognosis of colorectal cancer. The difference was considered statistically significant at P < 0.05.
RESULTS
Patient follow-up results
A total of 374 patients were enrolled in the study. The Kaplan-Meier survival curve showed an increase trend in the number of adverse prognosis cases over time ( Figure  1 ). At the end of follow-up, 19 patients were lost to follow-up. There were a total of 355 patients with complete follow-up data, of whom 81 developed endpoint events. In these 81 patients, 40 had recurrence of colorectal cancer (Figure 2A ), 26 had liver metastases ( Figure 2B ), and 15 had bone metastases ( Figure 2C ). The poor prognosis rate was 22.82%.
Comparison of indicators between the prognosis group and poor prognosis group
Of the 355 patients with colorectal cancer who received complete follow-up data, 186 were male and 169 were female, with an average age of 59.83 ± 13.92 years and mean tumor size of 4.32 ± 2.56 cm. In terms of tumor location, there were 52 cases in the ascending colon, 21 in the transverse colon, 35 in the descending colon, 106 in the sigmoid colon, and 141 in the rectum. In terms of TNM stage, there were 16 cases of stage I, 251 stage II, 54 stage III, and 34 stage IV. In terms of Dukes stage, there were 17 cases of grade A, 225 grade B, and 112 grade C. Among the pathological types, there were 230 cases of adenocarcinoma and 125 cases of mucinous adenocarcinoma and signet ring cell carcinoma.
According to the prognosis results, the prognosis group included 274 patients and the poor prognosis group included 81 patients. The comparison of the indicators before treatment in the two groups of patients is shown in Table 1 . The age, tumor diameter, TNM stage, PCNA index, GPS, C-reactive protein, albumin, white blood cell (WBC) count, NLR, CAR, D-dimer, fibrinogen, CEA, and CA199 in the poor prognosis group were significantly higher than those in the good prognosis group (P < 0.05). The gender, BMI, smoking proportion, alcohol abuse ratio, family history ratio, tumor location, tumor histology type, Dukes grade, proportion of positive P53, and platelet count were similar between the two groups (P > 0.05).
Multivariate COX regression analysis of the prognosis in patients with colorectal cancer
Further multivariate COX regression analysis was performed on the different indicators between the two groups. The results showed that the impact of age, tumor diameter, C-reactive protein, albumin, WBC count, fibrinogen, and CA199 on the prognosis was not significant (P > 0.05). TNM stage, PCNA, GPS, NLR, CAR, Ddimer, and CEA were independent influencing factors for the prognosis of colorectal cancer (P = 0.000) ( Table 2 ).
Receiver operating characteristic curve analysis of potential indicators for predicting colorectal cancer prognosis
The ROC curve was used to further analyze the predictive value of TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA for the prognosis of colorectal cancer. The results showed that each indicator can predict the prognosis of colorectal cancer (AUC > 0.6 for all). Among them, NLR had the highest accuracy with an AUC of 0.925 (95%CI: 0.860-0.966), sensitivity of 94.12%, and slightly lower specificity of 80.25%. Ddimer was the second, and its AUC was 0.879 (95%CI: 0.841-0.911), with a specificity of 100% and sensitivity of only 58.02%. GPS was the third, and its AUC was 0.872 (95%CI: 0.832-0.905), with a sensitivity and specificity of 88.89% and 85.04%, respectively ( Table 3 and Figure 3 ).
Each indicator had some limitations in predicting the prognosis of colorectal cancer, respectively. Therefore, this study attempted to establish a combination model based on logistic regression to predict the prognosis. The result showed that the accuracy of the combination of all indicators in predicting the prognosis of colorectal cancer was the highest (AUC = 0.973, 95%CI: 0.950-0.987), which was significantly higher than that of any indicator alone (P < 0.05). The best diagnostic point was 0.206, with a sensitivity of 92.59% and specificity of 90.51% (Figure 4 ).
DISCUSSION
The detection rate of colorectal cancer has increased recently [21] . Because of the hidden symptoms in early stage, the prognosis of colorectal cancer is poor [22] . Accurate assessment of patient outcomes is critical to the choice of clinical treatments. Currently, the prognosis of colorectal cancer is predicted mainly through CEA level, pathological typing, TNM staging, etc. [23] [24] [25] , but the accuracy of prediction cannot be guaranteed due to different individuals [26] . Recent studies have shown that GPS, Creactive protein, albumin, CAR, NLR and other inflammatory indicators can reveal the prognosis of malignant tumors, but the accuracy of different predictive indicators for the prognosis of colorectal cancer is uncertain [27] . Therefore, this study recruited colorectal cancer patients and screened the clinical data and serology and pathology data to find the indicators that can accurately evaluate the prognosis.
Survival analysis of patients with colorectal cancer
The incidences of postoperative recurrence, metastasis, and tumor-related death are very high [28] . A 3-year follow-up analysis in the study showed that the survival curves decreased significantly at 12-18 mo and 30-36 mo, respectively. It indicated that the number of patients with a poor prognosis increased rapidly at 12-18 mo and 30-36 mo. Among the patients with a poor prognosis, the incidence of colorectal cancer recurrence was the highest, accounting for 49.4% of all patients with a poor prognosis, followed by liver metastasis (32.1%) and bone metastasis (18.5%). The overall poor prognosis rate was 22.82%, which is similar to the recent finding of Shen et al [29] (24.3%), and lower than the result of Lujan et al [30] (38.3%-45.6%). The possible reason is that with the improvement of people's health awareness, the detection rate of early colorectal cancer is increased. More patients can receive timely treatment in early stage, in addition to the popularization of endoscopic and laparoscopic treatment techniques. Hence the prognosis of colorectal cancer is improved.
Multivariate regression analysis of the prognosis after colorectal cancer surgery
With the increase of age, the immune clearance ability and postoperative recovery ability of carcinoma are significantly reduced. The possibility of poor prognosis is gradually increased [31] [32] [33] . Studies have revealed that gender, smoking history, family history, etc. can affect the incidence and outcome of carcinoma [34] [35] [36] . Tumor location, size, TNM stage, Dukes stage, and pathological classification can indicate the progression of colorectal cancer and its invasion and metastasis ability. They are often utilized to predict the prognosis of colorectal cancer [37] . PCNA and p53 are common clinical tumor-related detection indicators, and their abnormal expression levels may be associated with colorectal cancer recurrence and poor prognosis [38] [39] [40] [41] [42] . Serological indicators such as neutrophils, lymphocytes, albumin, and C-reactive protein are commonly used indicators for monitoring inflammation in the body. Studies have shown that inflammation can promote tumor metastasis and recurrence [43] [44] . In addition, inflammatory factors can inhibit the body's immune response to tumors and stimulate tumor formation around the tumor, thereby promoting tumor growth and metastasis [45] .
This study compared clinical, serological, and histological indicators of patients with different prognoses. It indicated that age, tumor diameter, TNM stage, PCNA index, GPS, C-reactive protein, albumin, WBC count, NLR, CAR, D-dimer, fibrinogen, CEA, and CA199 were possible risk factors for poor prognosis in patients with colorectal cancer. Further multivariate COX regression analysis of the above indicators showed that TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA were independent influencing factors for the prognosis of colorectal cancer. It suggested that when advanced TNM stage, high PCNA expression levels, GPS > 0, increase of NLR and CAR, or increase of D-dimer and CEA levels occurs, the possibility of poor prognosis should be guarded. In addition, early treatment, control of inflammation levels, and monitoring of D-dimer and CEA levels can prevent poor prognosis. It is worth noticing that NLR, CAR, and GPS are calculated by two serological indicators, which can simultaneously reveal changes of two indicators. Furthermore, TNM staging includes tumor diameter, lymph node metastasis, and distant metastasis. It indicated that multiple indicators are preferred when the accuracy of prognosis assessment based on single factor is poor to improve the accuracy of the evaluation results.
Potential indicators predicting the prognosis of colorectal cancer
Based on COX regression results, this study evaluated the ability of TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA to predict the prognosis of colorectal cancer. According to the evaluation results, the accuracy of NLR, D-dimer, and GPS was significantly higher than that of TNM stage, PCNA, and CAR. Among them, NLR had the highest accuracy. The possible reason may be that NLR is the ratio of neutrophils to lymphocytes. Both of them are reliable indicators for the inflammatory response in vivo. Neutrophils can release active factors to activate NF-κB, which is related to the formation of tumors. Also, it can inhibit the immunity of the body through the inflammatory reaction, and help tumor cells escape from immunization. In addition, it can promote tumor growth by promoting neovascularization. Hence, its increase is beneficial to tumorigenesis [43, 44] . As one of the main cells of the body's immunity, lymphocytes can produce an immune response to tumor cells, and the decrease of the lymphocytes leads to a decrease in the body's ability to inhibit tumors. Therefore, increased NLR is beneficial to tumor survival and associated with a poor prognosis. The hypercoagulable state of the blood is beneficial for the metastasis of malignant tumors [46] . Studies have confirmed that preoperative D-dimer levels are associated with tumor prognosis [47] [48] [49] . In this study, D-dimer had a higher predictive ability for poor prognosis of colorectal cancer, second only to NLR. GPS is determined by the level of serum C-reactive protein and whether it has hypoproteinemia, which can simultaneously indicate the inflammatory condition and nutritional status of the NLR: Neutrophil-lymphocyte ratio; CAR: C-reactive protein/albumin ratio; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199.
body. In this study, GPS also had a high predictive ability for poor prognosis of colorectal cancer, which is similar to the study by Wind et al [50] . However, each indicator has a certain limitation in predicting the prognosis of colorectal cancer. Therefore, this study combined the independent risk factors to evaluate the accuracy for predicting the prognosis. It revealed that the accuracy of the combination in predicting the prognosis of colorectal cancer was significantly higher than the accuracy of individual indicators. It suggested that in the evaluation of surgical outcomes in patients with colorectal cancer, the combination of TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA has a higher accuracy.
Insufficient and prospects
This study is a single-center study and may have certain limitations. The follow-up time was short, and the indicators affecting long-term prognosis may be ignored. In future, multi-center research is considered to expand the sample size for improving the reliability of the research results. Meanwhile, the length of follow-up can be extended. The influencing factors on short-term and long-term prognosis of colorectal cancer should be analyzed respectively.
In conclusion, this study analyzed the clinical data and serological and pathological indicators that may affect the prognosis of colorectal cancer. It indicated that the independent influencing factors for the prognosis of colorectal cancer include TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA. Among them, NLR, D-dimer, and GPS have higher prediction capabilities. The combination of all independent factors can make a more accurate assessment of the prognosis of colorectal cancer. 
ARTICLE HIGHLIGHTS
Research background
The prognosis of colorectal cancer is poor. Surgery is the main treatment for patients with colorectal cancer. Accurate assessment of surgical prognosis has an important impact on the choice of treatments for patients. Currently, there are many methods to evaluate the prognosis after colorectal cancer surgery, including tumor-node-metastasis (TNM) stage, Glasgow prognostic score (GPS) score and so on. However, the systematic analysis about the factors affecting the prognosis of colorectal cancer is still limited.
Research motivation
Currently, the prognosis of colorectal cancer is mainly predicted by carcinoembryonic antigen (CEA) level, pathological classification, and TNM stage. However, the accuracy of prediction cannot be guaranteed due to the influence of individual and environmental factors. Besides, studies have revealed that some inflammatory indicators are also related to the prognosis of cancer.
Research objectives
In this study, we analyzed the influence of clinical data, serology, and histology on the prognosis of patients with colorectal cancer, and assessed the accuracy of the combination of all indicators for the prognosis evaluation. The purpose of this study was to provide a new method for predicting the prognosis of colorectal cancer in the early stage.
Research methods
A total of 374 patients were recruited, and the patients were divided into a good prognosis group and a poor prognosis group. Relevant clinical indicators were recorded. The differences in clinical data, serology, and histology between the two groups were analyzed. Multivariate COX regression was used to analyze the independent influencing factors for the prognosis of colorectal cancer. The receiver operating characteristic curve was used to test the accuracy of different indicators and their combination for the prognostic evaluation of colorectal cancer.
Research results
The TNM stage, proliferating cell nuclear antigen (PCNA), GPS, neutrophil-lymphocyte ratio (NLR), C-reactive protein/albumin ratio (CAR), D-dimer, and CEA were independent influencing factors for the prognosis of colorectal cancer (P = 0.000). NLR, D-dimer, and GPS had the highest predictive power for colorectal cancer prognosis. But their accuracies were significantly lower than that of the combination of all indicators (AUC = 0.973; sensitivity, 92.59%; specificity, 90.51%).
Research conclusions
TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA are the independent influencing factors for the prognosis of colorectal cancer. Combined evaluation of independent factors is the most accurate method to predict the prognosis of colorectal cancer.
Research perspectives
On the purpose of avoiding the interference caused by the differences of individual and environmental factors, multi-center studies would be considered to enlarge the size of simple to improve the reliability of the research results. Besides that, long-term research is also planned to make up the ignorance of the factors affecting long-term prognosis in this study.
